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1 . This document has been translated by computer.So the translation may not reflect the original 
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CLAIMS 
[Claim(s)] 

[Claim 1] Nonaqueous electrolyte characterized by including the siloxane derivative shown by 
following ** 1, and at least one sort of light metal salts. 

[Formula 1] 

CH3 CHa 

I ! I 

CH3— Si — O— Da— Si — CHa 

I I 
CHa CH3 



CH3 
I 

D =— Si— O— 



CH2 -r CH2 — CH2 — O -f - CH2 — CH2 — O -W- CH — CH2 — 0 

CH3 



T 



(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom contained in D and R may 
be replaced by the halogen atom. 

[Claim 2] The aforementioned siloxane derivative is nonaqueous electrolyte according to claim 1 
characterized by the coefficient of kinematic viscosity in the temperature of 25 degrees C being 5000 
or less cSts. 

[Claim 3] The aforementioned siloxane derivative is nonaqueous electrolyte according to claim 1 
characterized by average molecular weight being 10000 or less. 

[Claim 4] The aforementioned light metal salt is nonaqueous electrolyte according to claim 1 
characterized by being a lithium metal salt. 

[Claim 5] Nonaqueous electrolyte according to claim 1 characterized by the conductivity in the 
temperature of 25 degrees C being 0.1 or more mS/cm. 

[Claim 6] The cell characterized by having the separator formed between the positive electrode, the 
negative electrode, and the aforementioned positive electrode and the aforementioned negative 
electrode, and nonaqueous electrolyte containing the siloxane derivative and at least one sort of light 
metal salts which are shown by following ** 2. 
[Formula 2] 
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(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom contained in D and R may 
be replaced by the halogen atom. 

[Claim 7] The aforementioned nonaqueous electrolyte is a cell according to claim 6 characterized by 
the coefficient of kinematic viscosity in the temperature of 25 degrees C containing the siloxane 
derivative of 5000 or less cSts. 

[Claim 8] The aforementioned nonaqueous electrolyte is a cell according to claim 6 characterized by 
average molecular weight containing 10000 or less siloxane derivative. 

[Claim 9] The aforementioned nonaqueous electrolyte is a cell according to claim 6 characterized by 
the conductivity in the temperature of 25 degrees C being 0.1 or more mS/cm. 
[Claim 10] It is the cell according to claim 6 characterized by the aforementioned negative electrode 
containing occlusion and the carbon material from which it can be desorbed for a lithium, a lithium 
alloy, or a lithium ion while the aforementioned positive electrode contains occlusion and the oxide 
from which it can be desorbed, or a sulfide for a lithium ion. 

[Translation done] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the cell using the 
nonaqueous electrolyte and it containing the light metal salt which is an electrolyte, and a solvent. 
[0002] 

[Description of the Prior Art] Recent years come and portable electrical-and-electric-equipment 
products, such as a camera one apparatus video tape recorder, a cellular phone, or a laptop computer, 
are spreading quickly, moreover, the viewpoint of an environmental problem to NOx etc. - 
development of the electric vehicle which does not discharge exhaust gas in air has come to be taken 
up as a social technical problem The research and development about the cell as a portable power 
supply and a clean energy source, especially a rechargeable battery are actively furthered under such a 
situation. Since a high energy density is obtained as compared with the lead (Pb) rechargeable battery 
or nickel cadmium (nickel-Cd) rechargeable battery which is the conventional drainage system 
electrolytic-solution rechargeable battery, the rechargeable battery (lithium secondary battery) which 
used the lithium (Li) or the lithium ion (Li+j especially attracts great expectation. 
[0003] non-aqueous solvents, such as carbonates, such as low-molecular ethylene carbonate as the 
electrolytic solution of this lithium secondary battery, propylene carbonate, or diethyl carbonate, - as 
an electrolyte - LiPF6 etc. - it is widely used from that [ conductivity's ] in which the lithium system 
electrolyte salt was dissolved being comparatively high, and being stable also in potential 
[0004] However, although the lithium secondary battery using such nonaqueous electrolyte is highly 
efficient, since the inflammable organic solvent is used as the electrolytic solution, a problem may 
arise in safety. For example, the high current may have flowed and generated heat in the cell rapidly 
at the time of the short circuit of current, the electrolytic solution which contains an organic solvent 
by this may have caused evaporation or decomposition, and breakage, rupture, or ignition of a cell 
may have taken place for the generation of gas by this. Then, in order to prevent these conventionally, 
the safety practice was performed by preparing a relief valve or a current interrupting device etc. 
which will cleave if the pressure in a cell rises. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since safety was secured by improving structure 
mechanisms, such as a relief valve, conventionally, while structure will be complicated, only the part 
of those structures had the problem that the size of a cell will become large. Then, to improve cell 
material fundamentally is desired. 

[0006] this invention was made in view of this trouble, and the 1st purpose is in offering nonaqueous 
electrolyte excellent in chemical stability and thermochemical stability. 

[0007] Moreover, the 2nd purpose of this invention is by suppressing evaporation or decomposition 
of the electrolytic solution to offer the cell which prevented the breakage or ignition of a cell by 
generating of gas, and was excellent in the cell performance. 
[0008] 

[Means for Solving the Problem] The nonaqueous electrolyte by this invention contains the siloxane 
derivative shown by following ** 3, and at least one sort of light metal salts. 
[Formula 3] 
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(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom containedin D and R may 
be replaced by the halogen atom. 

[0009] The cell by this invention is equipped with the separator formed between the positive 
electrode, the negative electrode, and a positive electrode and a negative electrode, and the 
nonaqueous electrolyte containing the siloxane derivative and at least one sort of light metal salts 
which are shown by following ** 4. 
[Formula 4] 
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(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom contained in D and R may 
be replaced by the halogen atom. 

[0010] In the nonaqueous electrolyte by this invention, since the siloxane derivative shown in ** 3 is 
included, chemical stability is high, and since it is fire retardancy or low vapor pressure, it has the 
property of excelling also thermochemically. Therefore, if a cell is constituted using this nonaqueous 
electrolyte, evaporation or decomposition cannot take place easily at the time of the short circuit of 
current, breakage or ignition of a cell is prevented, and the cell performance which was excellent also 
in the high voltage is shown. 

[001 1] By the cell by this invention, light metal ion moves the inside of nonaqueous electrolyte to a 
negative electrode from a positive electrode through separator by charge, and light metal ion moves 
the inside of nonaqueous electrolyte to a positive electrode from a negative electrode through 
separator by electric discharge. Here, since nonaqueous electrolyte contains the siloxane derivative 
shown in ** 4, evaporation or decomposition cannot take place easily at the time of the short circuit 
of current, breakage or ignition of a cell is prevented, and the cell performance which was excellent 
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also in the high voltage is shown. 

[°°12] • 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained m 

detail with reference to a drawing. 

[0013] The nonaqueous electrolyte concerning the gestalt of 1 operation of this invention consists of 
a siloxane derivative shown in ** 5 which is a solvent, and at least one sort of light metal salts which 
are electrolytes. 
[Formula 5] 
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(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom contained in D and R may 
be replaced by the halogen atom. 

[0014] This siloxane derivative is a shape of chain type inorganic polymer which has the chain 
combination of silicon (Si) and oxygen (O) in a basic skeleton and by which the side chain which is a 
univalent organic machine was added to silicon. This siloxane derivative has high chemical stability, 
and since it is fire retardancy or low vapor pressure, it has the property of excelling also in 
thermochemical stability. 

[0015] In addition, the coefficient of kinematic viscosity in the temperature of 25 degrees C of this 
siloxane derivative is 5000 or less cSts, and, as for average molecular weight, it is desirable that it is 
10000 or less. It is because viscosity is comparatively low and it is required to dissolve a light metal 
salt, in order to use as a solvent of the electrolytic solution. These are adjusted by choosing 
moderately the side chain radical of D in the chemical formula shown in ** 5, and the number of a in 
a chemical formula. As for a in this chemical formula, it is desirable in that case that it is the integer 
of 1 to 20 within the limits. 

[0016] On the other hand, there is alkali-metal salts, such as hthium salt or a sodium (Na) salt, or an 
aluminum (aluminum) salt as light metal salt, and it is chosen expedient according to the kind of cell 
which uses this nonaqueous electrolyte. In constituting a lithium cell, for example, LiBF4 and 
LiC104, LiPF6, LiAsF6, CF3 S03 Li, 2 (CF3 S02) NLi, C4 F9 S03 Li, CF3 C02 Li, 2 (CF3C02) 
NLi, C6 F5 S03 Li, C8 F17S03 Li, 2 (C2 F5 S02) NLi, NLi, NLi (CF(FSO 2C6F4)3 S02), (C4 F9 
S02) (CF3 S02) (CF3) 2 NLi, 3 (CF3 S02) CLi, 4 (3 C6 F3 2 (CF3)- 5) BLi or LiCF3, and LiAlCl 
(2 CHOS02)4 etc. - lithium salt is used 

[0017] In addition, as for the conductivity in the temperature of 25 degrees C of this nonaqueous 
electrolyte, it is desirable that they are 0.1 or more mS/cm, and it is adjusted by the kind of light metal 
salt, or its concentration. 

[0018] Moreover, in addition to the siloxane derivative, this nonaqueous electrolyte may contain 
other solvents. As other solvents, there is propylene carbonate, ethylene carbonate, diethyl carbonate, 
methylethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, gamma-butyrolactone, a 
tetrahydrofuran, 1, 3-dioxolane, dipropyl carbonate, diethylether, a sulfolane, a methyl sulfolane, an 
acetonitrile, a propionitrile, an anisole, acetic ester, or propionic-acid ester, and any these one sort or 
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two sorts or more may be mixed and contained, for example. 

[0019] The nonaqueous electrolyte which has such composition is used for a cell as follows. Here, 
the example of a lithium secondary battery is given and it explains below with reference to a drawing. 

[0020] Drawing 1 expresses the cross-section structure of the rechargeable battery using the 
nonaqueous electrolyte concerning the gestalt of this operation. In addition, what was shown in 
drawing 1 is called so-called coin type. The laminating of the disc-like negative electrode 12 by 
which this rechargeable battery was held in the sheathing cup 11, and the disc-like positive electrode 
14 held in the sheathing can 13 is carried out through separator 15. the interior of the sheathing cup 
11 and the sheathing can 13 is filled by the nonaqueous electrolyte 16 concerning the gestalt of this 
operation - having - **** - the periphery section of the sheathing cup 11 and the sheathing can 13 - 
- an insulating gasket 17 - minding - it is sealed by being closed 

[0021] The negative electrode 12 contains occlusion and the carbon material which can be ****ed for 
lithium alloys, such as a lithium, a lithium ion, or an Li-aluminum alloy. This carbon material is 
prepared in predetermined temperature and predetermined atmosphere, for example, carbon black, 
such as corks, such as pyrolytic carbons, petroleum coke, or pitch coke, artificial graphites, natural 
graphites, and acetylene black, glassy carbons, the organic polymeric-materials baking object, or the 
carbon fiber is used. In addition, an organic polymeric-materials baking object calcinates organic 
polymeric materials at the suitable temperature of 500 degrees C or more in inert gas atmosphere or a 
vacuum. 

[0022] a positive electrode 14 - as a positive active material - TiS2, MoS2, and NbSe2 Or V2 05 
etc. — the metallic sulfide which does not contain a lithium, the oxide, or the lithium multiple oxide 
containing a lithium is contained In order to make an energy density high especially, it is Lix M02. It 
is desirable that the lithium multiple oxide made into a subject is included. In addition, one or more 
kinds of transition metals of M are desirable, and, specifically, its at least one sort in cobalt (Co), 
nickel (nickel), and manganese (Mn) is desirable. Moreover, x is usually the value of 0.05<=x<=1.10 
within the limits, as the example of such a lithium multiple oxide -- LiCo02, LiNi02, Lix Niy Col-y 
02, or (however, the value of x and y changes with charge-and-discharge states of a cell, and are 
usually 0< x<l and 0.7< y<=l .) LiMn 204 etc. - it is mentioned 
[0023] In addition, this lithium multiple oxide carries out trituration mixture according to 
composition of a request of the carbonate of a lithium, a nitrate, an oxide or a hydroxide, and the 
carbonate of transition metals, a nitrate, an oxide or a hydroxide, and is prepared by calcinating in 
oxygen atmosphere at the temperature within the limits of 600-1000 degrees C. 
[0024] Separator 15 isolates a negative electrode 12 and a positive electrode 14, it passes a lithium 
ion, preventing the short circuit of the current by contact of two poles, and is constituted by a 
nonwoven fabric, a ceramic film, or porosity thin film films made of synthetic resin, such as a 
polytetrafluoroethylene, polypropylene, or polyethylene, etc. 
[0025] The rechargeable battery which has such composition acts as follows. 
[0026] In this rechargeable battery, if it charges, it will become ion, and will **** and occlusion of 
the lithium contained in a positive electrode 14 will be carried out to the carbon material which 
passes separator 15 through nonaqueous electrolyte 16, and is contained in a negative electrode 12. 
Then, if it discharges, it will become ion and will ****, and separator 15 is passed through 
nonaqueous electrolyte 16, the lithium by which occlusion was carried out to the carbon material 
contained in a negative electrode 12 will return to a positive electrode 14, and occlusion will be 
carried out. Here, since the siloxane derivative shown in ** 5 as a solvent is included, nonaqueous 
electrolyte 16 has high chemical stability, and since it is fire retardancy or low vapor pressure, it is 
thermochemically excellent [ nonaqueous electrolyte ]. Therefore, evaporation or decomposition 
cannot take place easily at the time of the short circuit of current, breakage or ignition of a cell is 
prevented, and the cell performance which was excellent also in the high voltage is shown. 
[0027] Thus, since the siloxane derivative shown in ** 5 as a solvent is included according to the 
nonaqueous electrolyte concerning the gestalt of this operation, chemical stability and 
thermochemical stability can be made high. Therefore, if a cell is constituted using this nonaqueous 
electrolyte, even if a high current flows rapidly at the time of the short circuit of current, evaporation 
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1 ' or decomposition of nonaqueous electrolyte can be suppressed. Therefore, breakage or ignition of a 
cell can be prevented, and while being able to ** as if safety is raised, the cell performance which 
was excellent also in the high voltage can be obtained. 

[0028] Moreover, if it is made to make 5000 or less cSts or average molecular weight for the 
coefficient of kinematic viscosity in the temperature of 25 degrees C of a siloxane derivative or less 
into 10000, the good nonaqueous electrolyte which can dissolve enough light metal salts to pull out 
high conductivity, and light metal ion can move can be obtained. 
[0029] 

[Example] Furthermore, the concrete example of this invention is explained in detail. Here, four 
kinds of nonaqueous electrolyte which added 2 NLi as lithium salt (CF3 S02) to the siloxane 
derivative shown in ** 6 was produced. (CF3 S02) It was made to change in each example, as the 
addition of 2 NLi was shown in Table 1, and to lg of siloxane derivatives, in the example 1, it could 
be as 1.5 mols in 1.0 mols and the example 3, and could be [ the example 3 ] 3.0 mols by 0.5 mols 
and the example 2, respectively. 
[0030] 
[Formula 6] 
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[0032] About the nonaqueous electrolyte of each [ these ] example, the ion conductivity examination 
was performed, respectively. By ion conductivity examination, it is each nonaqueous electrolyte the 
thickness of 0.145cm, and an area of 0.7854cm 2 It inserted with the stainless steel board, voltage 
was impressed, and it asked for conductivity from the so-called Kohl Kohl (Cole-Cole) plot which 
expressed the sine-wave-alternating-current voltage to impress by the symbolic method (complex 
notation). The obtained result is shown in Table 1. In addition, coefficients of kinematic viscosity 
with a temperature [ of the siloxane derivative shown in ** 6 in the nonaqueous electrolyte of each 
example ] of 25 degrees C were 20cSt(s). 

[0033] These results showed that each nonaqueous electrolyte of each example had the conductivity 
which can be used for a cell. 

[0034] Furthermore, the oxidation stability examination and the electric discharge characteristic test 
were performed about the nonaqueous electrolyte of an example 2. In the oxidation stability 
examination, the cyclic voltamogram was measured and oxidation stability was investigated. 
Measurement used the electrochemical cell made from three electrodes, the nickel electrode with a 
diameter of 0.5mm was used for the operation pole, and the lithium metal was used for the counter 
electrode and the reference pole, respectively. The range of the stable potential in that case is 
100microA/cm2. It carried out until an oxidation current occurred. Consequently, the value with 
oxidization stable potential as high enough as 4.8V was acquired. This result showed that the cell 
performance which was excellent also in the high voltage according to this nonaqueous electrolyte 
could be obtained. 

[0035] In the electric discharge characteristic test, the coin type test cell as shown in drawing 1 was 
produced, and charge and discharge were performed. In the positive electrode of a test cell, it is 
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LiCo02. It used and the carbon material was used for the negative electrode. Charge and discharge 
set 4.2V and minimum voltage to 3.0V, set the discharge current to lOOmicroA, and upper limit 
voltage was repeated up to 20 cycles. The charge-and-discharge curve obtained as a result is shown in 
drawing 2 . Drawing 2 showed that the cell using this nonaqueous electrolyte had sufficient charge- 
and-discharge property. Therefore, when using this nonaqueous electrolyte, it turns out that the 
outstanding cell performance can be obtained. 

[0036] That is, the above result showed that could acquire sufficient charge-and-discharge property 
and it was stable also in the high voltage further while sufficient conductivity is obtained according to 
the nonaqueous electrolyte of each example. Therefore, if this nonaqueous electrolyte is used, the 
outstanding cell performance can be obtained. 

[0037] As mentioned above, although the gestalt and example of operation were given and this 
invention was explained, this invention is not limited to the gestalt and each example of the above- 
mentioned implementation, and can deform variously. For example, in the gestalt and each example 
of the above-mentioned implementation, although the lithium secondary battery was explained, this 
invention is applicable about the rechargeable battery which used other light metals, such as sodium 
or aluminum, similarly. In this case, the light metal salt of nonaqueous electrolyte and the positive 
active material of a positive electrode are suitably chosen according to it. 
[0038] Moreover, in the gestalt of the above-mentioned implementation, although the coin type 
rechargeable battery was explained, this invention is applicable about the thing of other 
configurations, such as telescopic [ which has a button type, a paper type, a square shape, or spiral 
structure ], similarly. 

[0039] Furthermore, in the gestalt of the above-mentioned implementation, although the rechargeable 

battery was explained, this invention is applicable to other cells, such as a primary cell. 

[0040] 

[Effect of the Invention] Since the siloxane derivative shown in ** 1 is included according to 
nonaqueous electrolyte given in any 1 of a claim 1 or the claims 5 as explained above, chemical 
stability and thermochemical stability can be made high. Therefore, if a cell is constituted using this 
nonaqueous electrolyte, even if a high current flows rapidly at the time of the short circuit of current, 
evaporation or decomposition can be suppressed. Therefore, breakage or ignition of a cell can be 
prevented, and while being able to ** as if safety is raised, the effect that the cell performance which 
was excellent also in the high voltage can be obtained is done so. 

[0041] Moreover, according to nonaqueous electrolyte according to claim 2 or 4, since it was made to 
make 5000 or less cSts or average molecular weight for the coefficient of kinematic viscosity in the 
temperature of 25 degrees C of a siloxane derivative or less into 10000, the effect that the good 
nonaqueous electrolyte which can dissolve enough light metal salts to pull out high conductivity, and 
light metal ion can move can be obtained is done so. 

[0042] Moreover, since it has nonaqueous electrolyte containing the siloxane derivative shown in ** 
2 according to the cell given in any 1 of a claim 6 or the claims 10, even if a high current flows 
rapidly at the time of the short circuit of current, evaporation or decomposition of nonaqueous 
electrolyte can be suppressed. Therefore, while being able to prevent breakage or ignition of a cell 
and being able to raise safety, the effect that the cell performance which was excellent also in the high 
voltage can be obtained is done so. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the cell using the 
nonaqueous electrolyte and it containing the light metal salt which is an electrolyte, and a solvent. 
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PRIOR ART 

[Description of the Prior Art] Recent years come and portable electrical-and-electric-equipment 
products, such as a camera one apparatus video tape recorder, a cellular phone, or a laptop computer, 
are spreading quickly, moreover, the viewpoint of an environmental problem to NOx etc. - 
development of the electric vehicle which does not discharge exhaust gas in air has come to be taken 
up as a social technical problem The research and development about the cell as a portable power 
supply and a clean energy source, especially a rechargeable battery are actively furthered under such a 
situation. Since a high energy density is obtained as compared with the lead (Pb) rechargeable battery 
or nickel cadmium (nickel-Cd) rechargeable battery which is the conventional drainage system 
electrolytic-solution rechargeable battery, the rechargeable battery (hthium secondary battery) which 
used the lithium (Li) or the lithium ion (Li+) especially attracts great expectation. 
[0003] non-aqueous solvents, such as carbonates, such as low-molecular ethylene carbonate as the 
electrolytic solution of this hthium secondary battery, propylene carbonate, or diethyl carbonate, - as 
an electrolyte - LiPF6 etc. ~ it is widely used from that [ conductivity's ] in which the hthium system 
electrolyte salt was dissolved being comparatively high, and being stable also in potential 
[0004] However, although the hthium secondary battery using such nonaqueous electrolyte is highly 
efficient, since the inflammable organic solvent is used as the electrolytic solution, a problem may 
arise in safety. For example, the high current may have flowed and generated heat in the cell rapidly 
at the time of the short circuit of current, the electrolytic solution which contains an organic solvent 
by this may have caused evaporation or decomposition, and breakage, a burst, or ignition of a cell 
may have taken place for the generation of gas by this. Then, in order to prevent these conventionally, 
the safety practice was performed by preparing a relief valve or a current interrupting device etc. 
which will cleave if the pressure in a cell rises. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since the siloxane derivative shown in ** 1 is included according to 
nonaqueous electrolyte given in any 1 of a claim 1 or the claims 5 as explained above, chemical 
stability and thermochemical stability can be made high. Therefore, if a cell is constituted using this 
nonaqueous electrolyte, even if a high current flows rapidly at the time of the short circuit of current, 
evaporation or decomposition can be suppressed. Therefore, breakage or ignition of a cell can be 
prevented, and while being able to ** as if safety is raised, the effect that the cell performance which 
was excellent also in the high voltage can be obtained is done so. 

[0041] Moreover, according to nonaqueous electrolyte according to claim 2 or 4, since it was made to 
make 5000 or less cSts or average molecular weight for the coefficient of kinematic viscosity in the 
temperature of 25 degrees C of a siloxane derivative or less into 10000, the effect that the good 
nonaqueous electrolyte which can dissolve enough light metal salts to pull out high conductivity, and 
light metal ion can move can be obtained is done so. 

[0042] Moreover, since it has nonaqueous electrolyte containing the siloxane derivative shown in ** 
2 according to the cell given in any 1 of a claim 6 or the claims 10, even if a high current flows 
rapidly at the time of the short circuit of current, evaporation or decomposition of nonaqueous 
electrolyte can be suppressed. Therefore, while being able to prevent breakage or ignition of a cell 
and being able to raise safety, the effect that the cell performance which was excellent also in the high 
voltage can be obtained is done so. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, since safety was secured by improving structure 
mechanisms, such as a relief valve, conventionally, while structure will be complicated, only the part 
of those structures had the problem that the size of a cell will become large. Then, to improve cell 
material fundamentally is desired. 

[0006] this invention was made in view of this trouble, and the 1st purpose is in offering nonaqueous 
electrolyte excellent in chemical stability and thermochemical stability. 

[0007] Moreover, the 2nd purpose of this invention is by suppressing evaporation or decomposition 
of the electrolytic solution to offer the cell which prevented the breakage or ignition of a cell by 
generating of gas, and was excellent in the cell performance. 
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MEANS 

[Means for Solving the Problem] The nonaqueous electrolyte by this invention contains the siloxane 

derivative shown by following ** 3, and at least one sort of light metal salts. 

[Formula 3] 

CHa CHs 

I I 
CH3— Si — O— D B — Si — CH3 

I I 
CHa CHa 



CH3 
I 

D = — Si — 0 — 
I 

CH 2 — CH2 — CH2 — 0-<-CH 2 — CH2 — O-^CH— CHa — O 

CH3 



(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom contained in D and R may 
be replaced by the halogen atom 

[0009] The cell by this invention is equipped with the separator formed between the positive 
electrode, the negative electrode, and a positive electrode and a negative electrode, and the 
nonaqueous electrolyte containing the siloxane derivative and at least one sort of light metal salts 
which are shown by following ** 4. 
[Formula 4] 

CHa CHa 

I I 
CH3— Si — O— D a — Si — CH3 

I I 
CHa CHa 



CHa 
I 

D=— Si — O — 



CH2 — CH 2 — CH 2 — 0-(-CH2— CH2— O- * 




(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
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the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom contained in D and R may 
be replaced by the halogen atom. 

[0010] In the nonaqueous electrolyte by this invention, since the siloxane derivative shown in ** 3 is 
included, chemical stability is high, and since it is fire retardancy or low vapor pressure, it has the 
property of excelling also thennochemically. Therefore, if a cell is constituted using this nonaqueous 
electrolyte, evaporation or decomposition cannot take place easily at the time of the short circuit of 
current, breakage or ignition of a cell is prevented, and the cell performance which was excellent also 
in the high voltage is shown. 

[001 1] By the cell by this invention, light metal ion moves the inside of nonaqueous electrolyte to a 
negative electrode from a positive electrode through separator by charge, and light metal ion moves 
the inside of nonaqueous electrolyte to a positive electrode from a negative electrode through 
separator by electric discharge. Here, since nonaqueous electrolyte contains the siloxane derivative 
shown in ** 4, evaporation or decomposition cannot take place easily at the time of the short circuit 
of current, breakage or ignition of a cell is prevented, and the cell performance which was excellent 
also in the high voltage is shown. 
[0012] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained in 
detail with reference to a drawing. 

[0013] The nonaqueous electrolyte concerning the gestalt of 1 operation of this invention consists of 
a siloxane derivative shown in ** 5 which is a solvent, and at least one sort of light metal salts which 
are electrolytes. 
[Formula 5] 

CH 3 CH3 

I I 
CH3— Si — O— D a — Si — CH3 

i I 
CHa CH 3 



CH 3 
I 

-Si— O— 
I 

CHz — CH2 — CH2 — 0-f-CH 2 — CH2— O-^CH — CH2— O 

CHa 



T 

/n 



(a expresses the integer of 1 to 50 among a formula, m expresses the integer of 0 to 40, n expresses 
the integer of 0 to 40, and R expresses a hydrogen atom or an alkyl group.) in addition, at the time of 
a> 1, even if a D is the same, it may differ Moreover, the hydrogen atom contained in D and R may 
be replaced by the halogen atom. 

[0014] This siloxane derivative is a shape of chain type inorganic polymer which has the chain 
combination of silicon (Si) and oxygen (O) in a basic skeleton and by which the side chain which is a 
univalent organic machine was added to silicon. This siloxane derivative has high chemical stability, 
and since it is fire retardancy or low vapor pressure, it has the property of excelling also in 
thermochemical stability. 

[0015] In addition, the coefficient of kinematic viscosity in the temperature of 25 degrees C of this 
siloxane derivative is 5000 or less cSts, and, as for average molecular weight, it is desirable that it is 
10000 or less. It is because viscosity is comparatively low and it is required to dissolve a light metal 
salt, in order to use as a solvent of the electrolytic solution. These are adjusted by choosing 
moderately the side chain radical of D in the chemical formula shown in ** 5, and the number of a in 
a chemical formula. As for a in this chemical formula, it is desirable in that case that it is the integer 
of 1 to 20 within the limits. 
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[0016] On the other hand, there is alkali-metal salts, such as lithium salt or a sodium (Na) salt, or an 
aluminum (aluminum) salt as light metal salt, and it is chosen expedient according to the kind of cell 
which uses this nonaqueous electrolyte. In constituting a lithium cell, for example, LiBF4 and 
LiCKM, LiPF6, LiAsF6, CF3 S03 Li, 2 (CF3 S02) NLi, C4 F9 S03 Li, CF3 C02 Li, 2 (CF3C02) 
NLi C6 F5 S03 Li, C8 F17S03 Li, 2 (C2 F5 S02) NLi, NLi, NLi (CF(FSO 2C6F4)3 S02), (C4 F9 
S02) (CF3 S02) (CF3) 2 NLi, 3 (CF3 S02) CLi, 4 (3 C6 F3 2 (CF3)- 5) BLi or LiCF3, and LiAlCl 
(2 CHOS02)4 etc. - hthium salt is used 

[0017] In addition, as for the conductivity in the temperature of 25 degrees C of this nonaqueous 
electrolyte, it is desirable that they are 0.1 or more mS/cm, and it is adjusted by the kind of light metal 
salt, or its concentration. 

[0018] Moreover, in addition to the siloxane derivative, this nonaqueous electrolyte may contain 
other solvents. As other solvents, there is propylene carbonate, ethylene carbonate, diethyl carbonate, 
methylethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, gamma-butyrolactone, a 
tetrahydrofuran, 1, 3-dioxolane, dipropyl carbonate, diethylether, a sulfolane, a methyl sulfolane, an 
acetonitrile, a propionitrile, an anisole, acetic ester, or propionic-acid ester, and any these one sort or 
two sorts or more may be mixed and contained, for example. 

[0019] The nonaqueous electrolyte which has such composition is used for a cell as follows. Here, 
the example of a hthium secondary battery is given and it explains below with reference to a drawing. 

[0020] Drawing 1 expresses the cross-section structure of the rechargeable battery using the 
nonaqueous electrolyte concerning the gestalt of this operation. In addition, what was shown in 
drawing 1 is called so-called coin type. The laminating of the disc-like negative electrode 12 by 
which this rechargeable battery was held in the sheathing cup 1 1, and the disc-like positive electrode 
14 held in the sheathing can 13 is carried out through separator 15. the interior of the sheathing cup 
1 1 and the sheathing can 13 is filled by the nonaqueous electrolyte 16 concerning the gestalt of this 
operation - having - **** - the periphery section of the sheathing cup 11 and the sheathing can 13 - 
- an insulating gasket 17 ~ minding - it is sealed by being closed 

[0021] The negative electrode 12 contains occlusion and the carbon material which can be ****ed for 
hthium alloys, such as a hthium, a hthium ion, or an Li-aluminum alloy. This carbon material is 
prepared in predetermined temperature and predetermined atmosphere, for example, carbon black, 
such as corks, such as pyrolytic carbons, petroleum coke, or pitch coke, artificial graphites, natural 
graphites, and acetylene black, glassy carbons, the organic polymeric-materials baking object, or the 
carbon fiber is used. In addition, an organic polymeric-materials baking object calcinates organic 
polymeric materials at the suitable temperature of 500 degrees C or more in inert gas atmosphere or a 
vacuum. 

[0022] a positive electrode 14 -- as a positive active material - TiS2, MoS2, and NbSe2 Or V2 05 
etc. - the metallic sulfide which does not contain a hthium, the oxide, or the hthium multiple oxide 
containing a hthium is contained In order to make an energy density high especially, it is Lix M02. It 
is desirable that the hthium multiple oxide made into a subject is included. In addition, one or more 
kinds of transition metals of M are desirable, and, specifically, its at least one sort in cobalt (Co), 
nickel (nickel), and manganese (Mn) is desirable. Moreover, x is usually the value of 0.05<=x<=1.10 
within the limits, as the example of such a hthium multiple oxide - LiCo02, LiNi02, Lix Niy Col-y 
02, or (however, the value of x and y changes with charge-and-discharge states of a cell, and are 
usually 0< x<l and 0.7< y<=l .) LiMn 204 etc. - it is mentioned 
[0023] In addition, this lithium multiple oxide carries out trituration mixture according to 
composition of a request of the carbonate of a hthium, a nitrate, an oxide or a hydroxide, and the 
carbonate of transition metals, a nitrate, an oxide or a hydroxide, and is prepared by calcinating in 
oxygen atmosphere at the temperature within the limits of 600-1000 degrees C. 
[0024] Separator 15 isolates a negative electrode 12 and a positive electrode 14, it passes a hthium 
ion, preventing the short circuit of the current by contact of two poles, and is constituted by a 
nonwoven fabric, a ceramic film, or porosity thin film films made of synthetic resin, such as a 
polytetrafluoroethylene, polypropylene, or polyethylene, etc. 
[0025] The rechargeable battery which has such composition acts as follows. 
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[0026] In this rechargeable battery, if it charges, it will become ion, and will **** and occlusion of 
the lithium contained in a positive electrode 14 will be carried out to the carbon material which 
passes separator 15 through nonaqueous electrolyte 16, and is contained in a negative electrode 12. 
Then, if it discharges, it will become ion and will ****, and separator 15 is passed through 
nonaqueous electrolyte 16, the lithium by which occlusion was carried out to the carbon material 
contained in a negative electrode 12 will return to a positive electrode 14, and occlusion will be 
carried out. Here, since the siloxane derivative shown in ** 5 as a solvent is included, nonaqueous 
electrolyte 16 has high chemical stability, and since it is fire retardancy or low vapor pressure, it is 
thermochemically excellent [ nonaqueous electrolyte ]. Therefore, evaporation or decomposition 
cannot take place easily at the time of the short circuit of current, breakage or ignition of a cell is 
prevented, and the cell performance which was excellent also in the high voltage is shown. 
[0027] Thus, since the siloxane derivative shown in ** 5 as a solvent is included according to the 
nonaqueous electrolyte concerning the gestalt of this operation, chemical stability and 
thermochemical stability can be made high. Therefore, if a cell is constituted using this nonaqueous 
electrolyte, even if a high current flows rapidly at the time of the short circuit of current, evaporation 
or decomposition of nonaqueous electrolyte can be suppressed. Therefore, breakage or ignition of a 
cell can be prevented, and while being able to ** as if safety is raised, the cell performance which 
was excellent also in the high voltage can be obtained. 

[0028] Moreover, if it is made to make 5000 or less cSts or average molecular weight for the 
coefficient of kinematic viscosity in the temperature of 25 degrees C of a siloxane derivative or less 
into 10000, the good nonaqueous electrolyte which can dissolve enough light metal salts to pull out 
high conductivity, and light metal ion can move can be obtained. 
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EXAMPLE 

[Example] Furthermore, the concrete example of this invention is explained in detail. Here, four 
kinds of nonaqueous electrolyte which added 2 NLi as lithium salt (CF3 S02) to the siloxane 
derivative shown in ** 6 was produced. (CF3 S02) It was made to change in each example, as the 
addition of 2 NLi was shown in Table 1, and to lg of siloxane derivatives, in the example 1, it could 
be as 1.5 mols in 1.0 mols and the example 3, and could be [ the example 3 ] 3.0 mols by 0.5 mols 
and the example 2, respectively. 
[0030] 
[Formula 6] 
CH3 
I 

CH3— Si — 0 

CHs \CH2 — CH 2 — CH 2 — 04-CH2 — CH2— 0-^-CH3/ 2 CH3 




\ CH3 



-Si— CHs 



[0031] 



[Table 1] 






$8$ (25 °C) 




(CF3S02)2NLi©8s*IQ« (mol) 


(mS/cm) 


mm I 


0.5 


2.93 X 10" 1 


2 


1.0 


4.04 x 10" 1 


3 


1.5 


3.39 x 10- 1 


4 


3.0 


1.03 x 10- 1 



[0032] About the nonaqueous electrolyte of each [ these ] example, the ion conductivity examination 
was performed, respectively. By ion conductivity examination, it is each nonaqueous electrolyte the 
thickness of 0.145cm, and an area of 0.7854cm 2 It inserted with the stainless steel board, voltage 
was impressed, and it asked for conductivity from the so-called Kohl Kohl (Cole-Cole) plot which 
expressed the sine-wave-alternating-current voltage to impress by the symbolic method (complex 
notation). The obtained result is shown in Table 1. In addition, coefficients of kinematic viscosity 
with a temperature [ of the siloxane derivative shown in ** 6 in the nonaqueous electrolyte of each 
example ] of 25 degrees C were 20cSt(s). 

[0033] These results showed that each nonaqueous electrolyte of each example had the conductivity 
which can be used for a cell. 

[0034] Furthermore, the oxidation stability examination and the electric discharge characteristic test 
were performed about the nonaqueous electrolyte of an example 2. In the oxidation stability 
examination, the cyclic voltamogram was measured and oxidation stability was investigated. 
Measurement used the electrochemical cell made from three electrodes, the nickel electrode with a 
diameter of 0.5mm was used for the operation pole, and the tithium metal was used for the counter 
electrode and the reference pole, respectively. The range of the stable potential in that case is 
100microA/cm2. It carried out until an oxidation current occurred. Consequently, the value with 
oxidization stable potential as high enough as 4.8V was acquired. This result showed that the cell 
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performance which was excellent also in the high voltage according to this nonaqueous electrolyte 
could be obtained. 

[0035] In the electric discharge characteristic test, the coin type test cell as shown in drawing 1 was 
produced, and charge and discharge were performed. In the positive electrode of a test cell, it is 
LiCo02. It used and the carbon material was used for the negative electrode. Charge and discharge 
set 4.2V and minimum voltage to 3.0V, set the discharge current to lOOmicroA, and upper limit 
voltage was repeated up to 20 cycles. The charge-and-discharge curve obtained as a result is shown in 
drawing 2 . Drawing 2 showed that the cell using this nonaqueous electrolyte had sufficient charge- 
and-discharge property. Therefore, when using this nonaqueous electrolyte, it turns out that the 
outstanding cell performance can be obtained. 

[0036] That is, the above result showed that could acquire sufficient charge-and-discharge property 
and it was stable also in the high voltage further while sufficient conductivity is obtained according to 
the nonaqueous electrolyte of each example. Therefore, if this nonaqueous electrolyte is used, the 
outstanding cell performance can be obtained. 

[0037] As mentioned above, although the gestalt and example of operation were given and this 
invention was explained, this invention is not limited to the gestalt and each example of the above- 
mentioned implementation, and can deform variously. For example, in the gestalt and each example 
of the above-mentioned implementation, although the lithium secondary battery was explained, this 
invention is applicable about the rechargeable battery which used other light metals, such as sodium 
or aluminum, similarly. In this case, the light metal salt of nonaqueous electrolyte and the positive 
active material of a positive electrode are suitably chosen according to it. 
[0038] Moreover, in the gestalt of the above-mentioned implementation, although the coin type 
rechargeable battery was explained, this invention is applicable about the thing of other 
configurations, such as telescopic [ which has a button type, a paper type, a square shape, or spiral 
structure ], similarly. 

[0039] Furthermore, in the gestalt of the above-mentioned implementation, although the rechargeable 
battery was explained, this invention is applicable to other cells, such as a primary cell. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is a cross section showing the composition of the rechargeable battery using the 
nonaqueous electrolyte concerning the gestalt of 1 operation of this invention. 
[Drawing 21 It is the property view showing the charge-and-discharge curve in the electric discharge 
characteristic test of the nonaqueous electrolyte concerning the example 2 of this invention. 
[Description of Notations] 

1 1 [ ~ A sheathing can, 14 / - A positive electrode, 15 / - Separator, 16 / - The electrolytic solution, 
17 / - Insulating gasket ] - A sheathing cup, 12 - A negative electrode, 13 
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DRAWINGS 



□Drawing 11 
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